Abstract-In this paper, the performances of space-time turbo-code (STTuC) and space-time trellis code (STTC) in conjunction with multi-carrier code-division multiple-access (MC-CDMA) systems are evaluated. The minimum mean-square error (MMSE) detection technique is used with multiple input multiple output (MIMO) antenna diversity in quasi static fading channel. The symbol error rate (SER) is obtained using simulation by employing maximum a posteriori (MAP) decoding technique for turbo code and Viterbi algorithm for trellis code system. It is observed that the STTuC-MC-CDMA system performs better then STTC-MC-CDMA system. It is also noted that by increasing the number of iterations the performance gain can be increased up to a certain limit. On the other hand, this improvement in performance comes at the cost of increased computational complexity.
I. INTRODUCTION
The great popularity of cellular phones, radio paging, portable computing, and other personal communication services demonstrates the increasing demand for wireless communication. Rapid growth in mobile computing and other cellular data services is inspiring many proposals for high speed data services. Therefore, the bit rate is required to vary from 9.6 Kbps for paging to several Mbps for video transmission [1] - [3] . The interest in code division multiple access (CDMA) technology has been increased in the past decades. As in third generation (3G) wideband CDMA (WCDMA) systems have been proposed and investigated. These systems can offer the maximum data rate ranging from 64 Kbps for mobile users to 2 Mbps for stationary users. The drawbacks arising in these systems are the restrictions of data rate, capacity, inter symbol interference (ISI), and inter chip interference (ICI).
Next generation systems are proposed for solving the problems of third generation wireless communication systems, and satisfying the demand of high performance and broadband internet access with high spectrum efficiency [1] . In the next generation cellular communication systems the data rate may go upto 1Gbps for mobile users. Space-time (S-T) coding techniques may be employed in combination with the MC-CDMA system to achieve very high data rate [4] . There are various coding techniques in S-T coding structures, which include Alamouti space-time code (STC), space-time block code (STBC), space-time trellis code (STTC), space-time turbo codes (STTuC), and layered space-time (LST) codes. STC with multiple transmit and multiple receive antennas minimizes the effect of multipath fading and improves the performance and capacity of digital transmission over wireless radio channels [5] , [6] .
In this paper, the STTC and STTC techniques are implemented and passed by the multi-carrier code-division multiple-access (MC-CDMA) systems. These techniques are used with MIMO antenna diversity in multipath fading channel. The symbol error rate (SER) is obtained for different number of iterations using simulation. At the receiver minimum mean-square error (MMSE) technique is used and decoding is performed by employing Viterbi and MAP algorithms to decode STTC and STTuC, respectively.
Rest of the paper is organized as follows: in section II, the mathematical representation of STTC-MC-CDMA system is described. In section III, S-T Turbo Coded MC-CDMA system is discussed. The error rate performances by simulation are obtained in section IV. The conclusions are drawn in section V.
II. S-T TRELLIS CODED MC-CDMA SYSTEM
S-T trellis coding is a technique that provides both diversity gain and coding gain. At the receiver, the Viterbi algorithm is implemented to decode STTC. As the number of states increases, the SER performance improves with additional decoding complexity. By assuming that the perfect channel state information (CSI) is available at the receiver, the branch metric is given by h is the channel impulse response between transmit antenna i and receive antenna j, and x corresponds to the transition through the S-T trellis [7] - [9] .
The STTC-MC-CDMA system is implemented for K-users, signaling through a fading multi-path MIMO channel with Additive White Gaussian Noise (AWGN) as shown in Fig. 1 . In this, the S-T trellis encoder encodes the source data, next the encoded data is interleaved, and then mapped according to the desired signal constellation. Finally, the STT coded data symbols are modulated at each time interval, and transmitted simultaneously through different transmit antennas [10] - [12] .
Assuming, K number of users transmit the information simultaneously through STTC-MC-CDMA system with T n transmit antennas. For the k th user, the input message sequence is considered by k A , which is given as
where 
The modulated signals,
are transmitted simultaneously through T n transmit antennas.
Here, each user is assigned a separate spreading code sequence to spread symbols transmitted from the T n antennas. Considering the spreading code sequence of user k
with processing gain P which spread the symbols transmitted from Tx1 and Tx2, respectively. The received signal matrix can be written as:
where
At the receiver, the received data signals are first converted into parallel format and demodulated via FFT transform and then applied to deinterleaver. The output of the deinterleaved is applied to MMSE detector and then Viterbi decoder for decoding.
III. S-T TURBO CODED MC-CDMA SYSTEM
The S-T coding techniques have been proposed to implement transmit diversity to combat the effect of noise and multipath fading channels.
In order to further improvement in the error performance of S-T trellis coded MC-CDMA system, S-T turbo coded MC-CDMA system is proposed. In 1993, Berrou et al. published results for a new coding scheme that were very near to Shannon's limit, is known as turbo codes. It uses two encoders in parallel concatenation, separated by an interleaver to increase the average code weight output prior to transmission as shown in Fig. 2 . The receiver is based around two component decoders in serial concatenation, with each decoder passing information between one another in an iterative process. This system can be run repeatedly for one received codeword, returning improved results with each successive iteration. Here, the weighted soft decision of first decoder is delivered to the second decoder. The Logarithm of likelihood ratio (LLR) 1 n L (a ) associated with each decoded bit n a by first decoder is a relevant piece of information for the second decoder. For information bit n a , it's LLR is defined as the natural log of its base probabilities.
If n a has two values +1 and -1, with equally likely, then this ratio is equal to zero. If the binary variable is not equally likely then
n n P(a = -)= -P(a = + ).
n n P(a 1)
The LLR of N bit sequence is formulated as below. The lower indicator of y means it starts at time 1 and the upper indicator means the ending point at N.
As shown in Fig. 2 , first the S-T Turbo encoder encodes the source data. Next, the encoded data is applied to interleaver, and then mapped according to the desired signal constellation. Finally at each time interval, the signals are modulated and transmitted simultaneously over different transmit antennas [13] - [15] . Using Baye's rule, the above equation can be reformulated as
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Log Log P y a P y P y a
This LLR includes joint probabilities between the received bits and the information bit, the numerator of which can be written as
where s' is starting state and s is ending state of the trellis. At the receiver, the received data sequence is combined according to the combining techniques described for STC MC-CDMA system. The soft output of the combiner is applied directly to the deinterleaver, and then finally, it is applied to S-T turbo decoder, such as the MAP algorithm, to decode the data. 
During each iteration the decoder produces the extrinsic value; this extrinsic value becomes the input to the next decoder. The decision is made about the bit by looking at the sign of the L value.
The process can continue until the extrinsic values changes become insignificant or the algorithm can allow for a fixed number of iterations.
IV. SIMULATION RESULTS
In conventional MC-CDMA systems the demodulated signals are often combined in the frequency domain in order to collect the overall received signal energy scattered on different subcarriers. A linear multiuser MMSE detector for the STC-MC-CDMA systems is used which performs joint weighting and combining on all subcarriers by utilizing the MSE criteria. The output of the MMSE detector is employed to Viterbi decoder for decoding STTC data and MAP decoder for decoding STTuC data. These decoded data are then compared with original transmitted sequence MAP algorithm is used to decode the turbo codeword. The numeric computational complexity involved in terms of arithmetic operations in MAP decoder is around 1490 per iteration. It is concluded that compared to Viterbi algorithm the no. of arithmetic operations involved in MAP algorithm are more at 5 numbers of iterations. This demonstrates the tradeoff involved in computational complexity and performance improvement. 
V. CONCLUSION
In this paper, SER performance for STTuC-MC-CDMA and STTC-MC-CDMA systems are evaluated using simulation in known channel environment. For signal detection MMSE receiver is considered. The simulation results are presented for the multiple transmit antenna systems employing MAP and Viterbi algorithm to decode STTC and STTuC. It is noted that the performance of STTuC-MC-CDMA system using MMSE detector is better than STTC-MC-CDMA system. The performance of STTuC-MC-CDMA systems can also be enhanced with more number of iterations. However, the rate of improvement in the performance decreases with increasing number of iterations.
